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Introduction:  The Mars Science Laboratory mis-
sion has comprehensively interrogated the surface envi-
ronment of Mars as it explores Gale Crater. Both chemi-
cal and physical attributes of the present environment 
have been measured over the course of the mission, en-
abling us to compare the present state of the martian 
surface with the environmental requirements of prokar-
yotic microbes. While this approach does not exclude 
the possibility of martian life that may have evolved to 
adapt to the present conditions, it is advantageous in that 
it allows us to evaluate environmental requirements of 
known life and also provide insight into the likelihood 
of forward contamination by Earth organisms with the 
comparison of their environmental requirements with 
the measured attributes of the environment at Gale 
Crater.  
We have already modeled a paleoenvironment with 
high habitability potential (HP) based upon chemistry, 
mineralogy and other geological evidence such as sedi-
mentary structures and larger scale geomorphology [1]. 
In this report, we turn our attention to the present HP of 
the Yellowknife Bay area, including the importance of 
the physical environmental metrics such as atmospheric 
pressure, air and ground temperature, ionizing radiation, 
wind speed and direction, slope, etc. 
 
Measurements: At the atmosphere-surface inter-
face, Gale Crater has presented us with basaltic minerals 
and their alteration products [2, 3]. Geomorphologies as 
well as direct wind measurements provide a glimpse of a 
mechanically dynamic environment, and chemical anal-
yses do not suggest much chemical weathering of the 
rocks that we have studied so far with the Curiosity pay-
load. Three samples: Rocknest wind drift, and the John 
Klein and Cumberland mudstones of the Sheepbed Unit 
from Yellowknife Bay, have been characterized with the 
CheMin powder X-ray diffractometer, and the two rock 
samples show the presence of phyllosilcate minerals, 
evidence for aqueous deposition. The rocks that we have 
studied can be evaluated as potential habitat on the basis 
of their chemical and physical attributes. 
Chemistry.  Major elemental requirements for Earth 
prokaryotic life are present in the John Klein and 
Cumberland rocks (C, H, O, N, P, S) and many trace 
elements used by life as-we-know-it are also observed, 
e.g., Mg, Fe, Si, Cl, Li and Br [1].  
The geochemistry of the rock samples is consistent 
with that of Earth rocks that can readily host microbial 
communities in the pore spaces or in fracture voids, so 
the rocks do not pose any potential chemical environ-
mental threat [4].  
Gases that have been thermally evolved by the Sam-
ple Analysis at Mars (SAM) suite when sampling the 
Yellowknife Bay samples show an inventory of volatile 
compounds that are both metabolically useful and indic-
ative of more moderate redox conditions than the pre-
sent surface. These include: H2O, CO2, SO2, O2, H2, 
H2S, HCl and NO in order of abundance [5].  
The Dynamic Albedo of Neutrons (DAN) instru-
ment has also observed water as the rover traversed the 
units in Yellowknife Bay, indicating water equivalent 
hydrogen abundance of 2-3 weight % in the top 60 cm 
in the Sheepbed unit [6]. The present martian surface 
does not have standing liquid water, and the diurnal 
and variations in atmospheric humidity as have been 
recorded throughout the mission by the REMS investi-
gation [7] are small, perhaps due entirely to tempera-
ture variation, so it is not clear how much exchange 
exists between atmosphere and surface.  
Physics. Environmental characteristics such as 
temperature, porosity and permeability, ionizing radia-
tion, wavelength and flux of available sunlight, and 
mechanical stability all play a role in habitability. The 
thermal environment is one primary constraint on HP 
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because it not only determines the stability of required 
chemical species such as water, but it also determines 
how much energy will be required for metabolic chem-
istry. With respect to rock as potential habitat, dark 
rocks can be tens of degrees Celsius warmer than light 
rocks, and depending upon other physical properties, 
may have much higher thermal inertia, moderating the 
temperature of a potential cryptoendolithic or chasmo-
lithic environment. Both the heat capacity of the min-
erals and the aggregate thermal properties of rock can 
contribute to making a more stable thermal environ-
ment conducive to the chemistry of metabolism than 
can the surface/atmosphere interface. The Sheepbed 
rocks are not especially dark (Fig 1), nor are they very 
porous, making them poor candidates for a habitat.  
   
    Fig 1: John Klein (left) and Cumberland (right) 
 
The max and min ground temperatures have been mon-
itored daily by the REMS instrument [8], and these 
measurements indicate that the surface of the Sheepbed 
Unit would be a challenge for viable organisms. The 
diurnal swing is substantial ~75 to ~95 °C between 
max and min (Fig 2) and viable organisms of known 
extremophiles can only withstand a minimum of about 
-18 °C [9]. 
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 Fig 2: REMS ground sensor measurements 
 
The flux of ionizing radiation at the martian surface 
has been measured continuously by the Radiation As-
sessment Detector (RAD) investigation, including not 
only background galactic cosmic rays, but also solar 
energetic particles [9]. The absorbed dose that RAD 
measured at the surface at Gale Crater averages 76 
mGy/yr, which would be a challenge over time, even for 
radiation adapted organisms such as Deinococcus radi-
odurans, which can endure 20 kGy of gamma radiation 
and then repair itself. But in a rock interior of suffi-
cient density and depth, radiation adapted organisms 
could persist in alternately dormant and viable phases. 
Viable terrestrial microbes carried on a spacecraft are 
not likely to survive the radiation environment for very 
long in such an environment. 
 
 Discussion:  The combined challenges of diurnal 
swings into temperatures that are too low for the most 
cold adapted microbes we know of, radiation doses 
that would not be survivable over the long term in a 
viable state and lack of pore space in the Sheepbed 
rocks lower their habitability potential. The more neu-
tral redox environment within Cumberland and John 
Klein is more favorable for life than the extremely 
oxidizing condition on the surface of the rocks and 
dust cover.  
We note that there is a distinction between the rock 
characteristics with the highest preservation potential 
for habitable paleoenvironments and the rocks that are 
the most optimal candidates for presently habitable 
environments. So what is good for preservation of past 
habitable environments presents a problem for present 
habitation.  
While the Sheepbed Unit rocks of Yellowknife Bay 
indicate a martian past with promising habitability 
potential, they are poor candidates for harboring organ-
isms now, not because of their chemistry, but because 
of their physical characteristics. 
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